Five cases of Rhodococcus equi infection in dogs were identified from 2003 to 2014. Three of the dogs had severe, internal lesions attributable to R. equi that have not been previously described: endophthalmitis, endocarditis, and suppurative pleuropneumonia. Isolates from 4 of the dogs were analyzed by polymerase chain reaction for Rhodococcus virulence-associated plasmid (vap) genes. One isolate was vapA-positive, 2 lacked a virulence plasmid, and 1 carried the novel vapN-associated plasmid (pVAPN) recently characterized in bovine isolates. The pVAPN plasmid has not been described in isolates cultured from companion animals. Four of the dogs either were receiving immunosuppressive drugs or had endocrinopathies. R. equi has the potential to cause significant infections in dogs, and immunocompromised animals should be considered at risk for infection.
The genus Rhodococcus includes numerous species of nocardioform, aerobic, facultative, intracellular bacteria frequently found within the environment and feces of diseased and healthy animals. 1 Most rhodococcal infections in animals and humans are attributable to Rhodococcus equi. 14 R. equi coccobacilli stain positive in cytologic and histologic Gram's and Fite's acid-fast preparations. 4 The Rhodococcus spp virulence-associated proteins are presumed to aid bacterial survival in macrophages 15 and are encoded on circular and linear plasmids. A highly conserved conjugal transfer protein gene (traA) is common to all strains carrying plasmids. 9 Pathogenic R. equi strains are classified as virulent or intermediately virulent based on carriage of large plasmid encoding genes for either virulence-associated protein A (VapA) or B (VapB), respectively. 14 Strains that lack vapA or vapB are classified as avirulent. 2, 14 A novel R. equi host-adapted linear virulence plasmid, pVAPN, was recently characterized in isolates from cattle 15 and encodes virulenceassociated protein N (VapN). Rhodococcal infections are most common in foals, swine, 10 and cattle. 16 Infections in companion animals are comparatively rare, and contrary to the classic presentation in horses, most infections in dog and cats are extrapulmonary. 10, 16 In dogs, R. equi rarely has been cultured from feces, 10 skin, nasal mucosa, and conjunctiva of healthy dogs, 14 and from dogs with skin lesions, 10 The R. equi isolates from dog Nos. 2 and 3 were traA-negative and were most likely avirulent strains, whereas dog No. 4 had the virulent phenotype. The isolates from the spleen and renal lymph node of dog No. 1 had the traA-and vapN-positive phenotype of isolates recently classified from cattle. To the authors' knowledge, the isolates from dog No. 1 are the first confirmed report of pVAPN in a companion animal species. The majority of R. equi isolates collected from cattle are vapA and vapB negative 9 and carry pVAPN, 15 which is more related to the linear plasmid (pNSL1) carried by the recently discovered Rhodococcus sp NS1 strain than to the vapA and vapB plasmids. 15 The virulent and intermediately virulent plasmid phenotypes are associated with disseminated infections in foals 16 and pigs, 14 respectively. From previous limited studies in companion animals, vapA-positive isolates have been more frequently found in samples from cats than dogs, 14 while vapB carriage has not been described in dogs. 9, 14 Most of the canine R. equi isolates studied previously have been classified as avirulent based on standard typing for vapA and vapB 14 and were not assessed for carriage of traA to determine whether another type of virulence plasmid was present. In the previous case of disseminated rhodococcal infection in a dog, the isolate was classified as avirulent, 2 but it is unknown whether the isolate actually lacked a plasmid or carried another type of virulence plasmid similar to pVAPN.
R. equi-associated ophthalmitis has rarely been reported in horses 12 and humans. 3, 5 Rhodococcus spp have been isolated as part of the normal flora of the canine conjunctival sac. 17 Although the perforated corneal ulcer in dog No. 5 did culture positive for R. equi and there are additional reports of superficial Rhodococcus spp corneal and conjunctival infections in dogs, 8, 14 no other instances of Rhodococcus spp endophthalmitis have been characterized histologically in dogs. The wide dissemination of the rhodococcal granulomas in dog No. 1 is suggestive of hematogenous spread of the bacteria, which is similar to the presentation in foals with R. equi panophthalmitis and other extrapulmonary infections. 11 Infection in dog No. 1 may have disseminated from the ulcerative gingivitis or dermatitis, and tropism for lymph nodes, as is commonly observed in other pVAPN isolates in livestock, 15 may have facilitated spread of the infection. The R. equi infection in dog No. 5 most likely descended through the corneal defect, as is common in human and adult equine cases of rhodococcal keratitis. 3, 12 Chronic, immunosuppressive corticosteroid treatment (dog No. 1) and endocrine dysfunction (dog No. 5) likely played a role in maintenance and spread of opportunistic infection of R. equi in the dogs. As a necropsy was not performed on dog No. 5, the cause of death and the possibility of bacterial spread to other tissues was not confirmed.
Infectious endocarditis most commonly involves the mitral and aortic valves in dogs. 6, 13 Rhodococcal endocarditis is a rare occurrence in humans 7 and foals and is often associated with immunodeficiency, septicemia, or a concurrent heart defect. 11 Bacterial colonization of the aortic valve, as observed in dog No. 2, results in severe left cardiac insufficiency and shortened survival time compared with endocarditis of the mitral valve in dogs. 6 The most common cultured bacterial agents are Staphylococcus spp, Streptococcus spp, and Escherichia coli, with Bartonella spp often implicated in culture-negative cases. 6 When R. equi was classified as Corynebacterium equi, endocarditis related to Corynebacterium spp was often reported in dogs. 13 Because these historical Corynebacterium spp isolates from canine endocarditis cases were not further identified, it is unknown whether any of the cases were associated with the agent now known as R. equi. In more recent surveys of endocarditis in dogs, R. equi has not been identified in heart lesions. 6 To the authors' knowledge, dog No. 2 is the first confirmed report of endocarditis associated with R. equi in a dog. The single dose of dexamethasone given to dog No. 2 shortly before euthanasia likely did not play a role in initial infection, and the predisposing cause of the endocarditis may have been the mitral valve endocardiosis or narrowing of the aortic outflow tract. Initial colonization of the aortic valve may have occurred secondary to turbulence-induced damage and bacteremia with slow progression of infection over time.
Suppurative bronchopneumonia with abscessation is a classic presentation of R. equi in foals, but pulmonary Rhodococcus spp infections in companion animals are rare. 10, 16 In the previous canine case of disseminated R. equi infection, pulmonary abscessation was not a feature. 2 Although bacteria were only rarely observed in the alveolar macrophages of dog Nos. 1 and 4, numerous bacteria were in the lung of dog No. 3 within a lesion resembling the presentation in foals. Rhodococcal pneumonia is commonly observed in people with immunodeficiency and in individuals with hematologic cancers and alcoholism. 1 Dog No. 3 had been receiving immunosuppressive doses of corticosteroids that likely contributed to development of infection, which also locally spread to the liver and mediastinal lymph nodes in a manner similar to that observed in dog No. 1. The histologic changes in dog No. 4 were mild by comparison, and the initial clinical signs were likely favored by severe autoimmune hypoadrenocorticism, which may have been compounded by mild pulmonary infection with a virulent R. equi strain.
Disseminated R. equi infection can occur in dogs and especially in immunocompromised individuals. The virulence profiles of the R. equi strains cultured from 4 of the dogs are diverse: 2 avirulent, 1 virulent, and 1 carrying the new VapN-associated plasmid. This report is the first description of pVAPN in a companion animal species. Additionally, R. equi-associated endophthalmitis, endocarditis, and suppurative pleuropneumonia have not been reported before in dogs. R. equi is an important differential diagnosis in dogs with pyogranulomatous inflammation attributable to bacterial infection. Dog Nos. 1, 3, 4, and 5 either were receiving multiple doses of corticosteroids or had clinical or gross evidence of an endocrine disorder. The wide distribution of organ systems involved illustrates that R. equi has the potential to cause serious multisystemic infections in dogs, and patients with endocrine dysfunction or receiving immunosuppressive therapy likely have a heightened risk for infection.
